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MEMS DEVICE WITH DIFFERENTIAL 
VERTICAL SENSEELECTRODES 

TECHNICAL FIELD OF THE DISCLOSURE 

0001. The present disclosure relates generally to micro 
electromechanical systems (MEMS) devices. More specifi 
cally, the present disclosure relates to MEMS devices with 
differential vertical sense electrodes for Z-axis sensing. 

BACKGROUND OF THE DISCLOSURE 

0002 Microelectromechanical Systems (MEMS) sensor 
devices are widely used in applications such as automotive, 
inertial guidance systems, household appliances, protection 
systems for a variety of devices, and many other industrial, 
scientific, and engineering systems. Such MEMS devices are 
used to sense a physical condition Such as acceleration, angu 
lar rate, pressure, or temperature, and to provide an electrical 
signal representative of the sensed physical condition. 
Capacitive-sensing MEMS sensor designs are highly desir 
able for operation in high gravity environments and in min 
iaturized devices, and due to their relatively low cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0003. A more complete understanding of the present dis 
closure may be derived by referring to the detailed description 
and claims when considered in connection with the Figures, 
wherein like reference numbers refer to similar items 
throughout the Figures, the Figures are not necessarily drawn 
to scale, and: 
0004 FIG. 1 schematically shows a top view of a MEMS 
device in accordance with an embodiment; 
0005 FIG.2 shows a side view of the MEMS device along 
section line 2-2 shown in FIG. 1; 
0006 FIG.3 shows a side view of the MEMS device along 
section line 3-3 shown in FIG. 1; 
0007 FIG. 4 shows a stylized side view of the MEMS 
device of FIG. 1 along section line 2-2 in which a movable 
element of the MEMS device has moved in response to an 
imposed force; 
0008 FIG. 5 shows a stylized side view of the MEMS 
device of FIG. 1 along section line 3-3 in which the movable 
element of the MEMS device has moved in response to an 
imposed force; 
0009 FIG. 6 shows a top view of a MEMS device in 
accordance with another embodiment; 
0010 FIG.7 shows a side view of the MEMS device along 
section line 7-7 shown in FIG. 6; 
0011 FIG.8 shows a side view of the MEMS device along 
section line 8-8 shown in FIG. 6; 
0012 FIG. 9 shows a partial side view of the MEMS 
device along section line 9-9 shown in FIG. 6; 
0013 FIG. 10 shows a flowchart of a microelectrome 
chanical systems (MEMS) device fabrication process in 
accordance with another embodiment; 
0014 FIG. 11 shows a partial side view of an exemplary 
structure at a beginning stage of processing fabricated in 
accordance with the MEMS device fabrication process; 
0015 FIG. 12 shows a partial side view of the exemplary 
structure from FIG. 11 at a Subsequent stage of processing: 
0016 FIG. 13 shows a partial side view of the exemplary 
structure from FIG. 12 at a Subsequent stage of processing: 
0017 FIG. 14 shows a partial side view of the exemplary 
structure from FIG. 13 at a Subsequent stage of processing: 
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0018 FIG. 15 shows a partial side view of the exemplary 
structure from FIG. 14 at a Subsequent stage of processing: 
0019 FIG. 16 shows a partial side view of the exemplary 
structure from FIG. 15 at a Subsequent stage of processing: 
0020 FIG. 17 shows a partial side view of the exemplary 
structure of FIG. 16 at a Subsequent stage of processing: 
0021 FIG. 18 shows a partial side view of the exemplary 
structure from FIG. 17 at a Subsequent stage of processing: 
0022 FIG. 19 shows a partial side view of the exemplary 
structure from FIG. 18 at a Subsequent stage of processing: 
0023 FIG. 20 shows a partial side view of another exem 
plary structure at a beginning stage of processing fabricated in 
accordance with the MEMS device fabrication process; 
0024 FIG. 21 shows a partial side view of the exemplary 
structure from FIG. 20 at a Subsequent stage of processing: 
0025 FIG. 22 shows a partial side view of the exemplary 
structure from FIG. 21 at a Subsequent stage of processing: 
0026 FIG. 23 shows a partial side view of the exemplary 
structure from FIG. 22 at a Subsequent stage of processing: 
0027 FIG. 24 shows a partial side view of the exemplary 
structure from FIG. 23 at a Subsequent stage of processing: 
0028 FIG. 25 shows a partial side view of the exemplary 
structure from FIG. 24 at a Subsequent stage of processing: 
and 
0029 FIG. 26 shows a partial side view of the exemplary 
structure from FIG. 25 at a Subsequent stage of processing. 

DETAILED DESCRIPTION 

0030 The fabrication and packaging of MEMS device 
applications, as well as stresses resulting from soldering the 
packaged MEMS device onto a printed circuitboard in an end 
application, can cause the non-uniform stretching, bending, 
or warping across a Surface of the Substrate upon which the 
MEMS device is formed. Substrate curvature can cause 
changes in the sense signal, thus adversely affecting the out 
put performance of the MEMS device. 
0031. A number of MEMS inertial sensors, such as accel 
erometer and angular rate sensor devices, implement vertical 
sensing, i.e., sensing that is perpendicular to the plane of the 
substrate. A commonly implemented structure for MEMS 
device vertical sensing is a "teeter-totter sense mass configu 
ration that is capable of rotating above a Substrate under 
Z-axis force. Fixed positive and negative sense electrodes can 
be arranged below the teeter-totter sense mass on opposing 
sides of an axis of rotation of the sense mass. The sense mass 
will tilt or rotate about the axis of rotation in response to a 
force, thus changing its position relative to the fixed sense 
electrodes. This change in position results in capacitance 
signals whose difference, i.e., a differential capacitance, is 
indicative of the force. 
0032. This style of vertical sensing can be problematic in 
that the size of the sense gaps between the sense mass and 
each of the sense electrodes are highly sensitive to substrate 
curvature because the sense electrodes are separated by a 
relatively long distance in the plane of the substrate. For 
example, the sense electrodes may be located on opposing 
sides of the axis of rotation. Secondly, the teeter-totter style of 
Vertical sensing can result in common mode displacement, 
wherein the entire sense mass moves generally perpendicular 
to the plane of the substrate, instead of tilting. Since the sense 
gaps, i.e., one gap between the sense mass and the positive 
sense electrode and another gap between the sense mass and 
the negative sense electrode, are located on the same side of 
the sense mass, the common mode displacement can cause 
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both the positive and the negative sense signals to change 
equally, resulting in no net differential signal. Thus, a change 
in the size of the sense gaps due to common mode displace 
ment can introduce a scale factor change, and potentially 
adversely shift the sensitivity of the device. A change in the 
sense gap size due to common mode displacement can also 
alter the sense frequency of the device, essentially frequency 
tuning through electrostatic spring softening. In general, fre 
quency tuning is a change in the resonant frequency of a sense 
oscillator, e.g., sense mass, due to an applied electrostatic 
force. Thus, the resonant frequency may change if the size of 
the gaps between the sense mass and the electrodes Supplying 
the electrostatic force change. Thus, what is needed is a 
MEMS sensor device with a robust vertical sense electrode 
design that is less sensitive to Substrate curvature and harsh 
accelerations. 

0033 Some embodiments disclosed herein entail micro 
electromechanical systems (MEMS) devices that include two 
structural layers, and junctions connecting elements of the 
two structural layers. The two structural layers are subse 
quently mechanically released, or detached, from the under 
lying Substrate. Accordingly, a movable sense mass (a portion 
of which is formed in each of the two structural layers) is 
interleaved both below one fixed electrode and above a sepa 
rate fixed electrode. This enables differential sensing such 
that any signal component resulting from the common mode 
displacement will effectively cancel. Another embodiment 
entails a method for fabricating the MEMS device using two 
structural layers, in which portions of the two structural layers 
are not in direct contact with the underlying Substrate, and in 
which each structural layer has sense capability of an oppos 
ing polarity so as to provide a differential configuration. 
0034) Referring now to FIGS. 1-3, FIG. 1 schematically 
shows a top view of a MEMS device 20 in accordance with an 
embodiment. FIG. 2 shows a side view of MEMS device 20 
along section line 2-2, and FIG.3 shows a side view of MEMS 
device 20 along section line 3-3. FIGS. 1-3 are illustrated 
using various shading and/or hatching to distinguish the dif 
ferent elements produced within the structural layers of 
MEMS device 20, as will be discussed below. These different 
elements within the structural layers may be produced utiliz 
ing current and upcoming Surface micromachining tech 
niques of depositing, patterning, etching, and so forth. 
Accordingly, although different shading and/or hatching is 
utilized in the illustrations, the different elements within the 
structural layers are typically formed out of the same mate 
rial. Such as polysilicon, single crystal silicon, and the like. 
0035. The elements of MEMS device 20 (discussed 
below) may be described variously as being “attached to.” 
“attached with.” “coupled to “fixed to,” or “interconnected 
with other elements of MEMS device 20. However, it 
should be understood that the terms refer to the direct or 
indirect physical connections of particular elements of 
MEMS device 20 that occur during their formation through 
patterning and etching processes of MEMS fabrication, as 
will be discussed in connection with FIG. 9. 

0036 MEMS device 20 includes a substrate 22, a struc 
tural layer 24, and a structural layer 26 that is spaced apart 
from structural layer 24. A number of elements are formed in 
structural layer 24. In an embodiment, these elements include 
at least one sense electrode 28, a portion 30 of a movable 
sense mass 32, and a fixed element 34. Likewise, a number of 
elements are formed instructural layer 26. In an embodiment, 
these elements include at least one sense electrode 36 (two of 
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which are shown) and another portion 38 of movable sense 
mass 32. Together, portions 30 and 38 form movable sense 
mass 32, as will be discussed in greater detail below. Sense 
electrodes 36 in structural layer 26 are represented by 
upwardly and rightwardly directed narrow hatching, and por 
tion 38 of sense mass 32 in structural layer 26 is represented 
by downwardly and rightwardly directed narrow hatching to 
distinguish elements 36 and 38 in structural layer 26 from 
those elements formed in the underlying structural layer 24. 
0037. Sense electrode 28 in structural layer 24 is fixedly 
coupled to a surface 40 of substrate 22 by an anchor 42. 
Likewise, fixed element 34 in structural layer 24 is fixedly 
coupled to surface 40 of substrate 22 by an anchor 43. MEMS 
device 20 further includes an anchor element 44 and compli 
ant members 46 formed in structural layer 24. Anchor ele 
ment 44 is fixedly coupled to surface 40 of substrate 22 by an 
anchor 48, and compliant members 46 are interconnected 
between portion 30 of sense mass 32 and anchor element 44. 
Anchor 42 is depicted in FIGS. 1 and 2 by an “X” enclosed in 
a box to emphasize the attachment of a particular element, 
and in this case sense electrode 28, with the underlying sub 
strate 22. Similarly, anchors 43 and 48 are depicted in FIG. 1 
by an “X” enclosed in a box to emphasize the fixed attach 
ment of fixed element 34 and anchor element 44 with the 
underlying Substrate 22. In an embodiment, anchors 42, 43. 
and 48 may be formed when a portion of a sacrificial layer 50 
remains beneath structural layer 24 following etching of sac 
rificial layer 50 during processing (discussed below). 
0038. In contrast to the fixed attachment of sense electrode 
28, fixed element 34, and anchor element 44 with substrate 
22, portion 30 of movable sense mass 32 in structural layer 24 
is suspended over surface 40 of substrate 22 so that a gap 52 
is present between surface 40 and portion 30 of sense mass 32. 
In an embodiment, compliant members 46 are connected to 
an outer edge 54 of portion 30 such that portion 30 of sense 
mass 32 is a cantilevered structure overlying surface 40 of 
Substrate 22 that is Supported only at one side. 
0039 Portion 30 of sense mass 32 further includes an 
opening 56 extending through a thickness 58 of portion 30, 
and sense electrode 28 resides within opening 56. Opening 56 
is sized such that a gap 60 is formed between portion 30 and 
sense electrode 28. In some embodiments, opening 56 also 
extends laterally from an outer edge 62 of portion 30 such that 
portion 30 of sense mass 32 is a generally U-shaped member. 
Fixed element 34 is spaced away from outer edge 62 so that a 
gap 64 is also formed between fixed element 34 and the 
adjacent sense electrode 28 and portion 30 of sense mass 32. 
0040. In some embodiments, a shield 66 is located in gaps 
60 and 62. Thus, shield 66 is interposed between sense elec 
trode 28 and portion 30 of sense mass 32. Additionally, shield 
66 is interposed between fixed element 34 and each of sense 
electrode 28 and portion 30 of sense mass 32. Shield 66 
electrically isolates sense electrode 28 from the surrounding 
portion 30 of sense mass 32 to largely prevent motion sensi 
tive capacitance from being created between portion 30 and 
sense electrode 28. Shield 66 is represented in FIGS. 1 and 3 
by a stippled pattern to distinguish it from Surrounding struc 
tures. 

0041. In some embodiments, shield 66 extends to an out 
side region 68 of MEMS device 20 and is coupled to corre 
sponding shield anchors 70. Thus, shield 66 may be sus 
pended over surface 40 of substrate 22. Again, shield anchors 
70 are depicted in FIG. 1 by an “X” enclosed in a box to 
emphasize the fixed attachment of shield anchors 70 with the 
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underlying substrate 22. Those skilled in the art will recog 
nize that shield 66 and shield anchors 70 may be arranged 
differently than that which is shown. 
0042 Junctions 72, 74 are formed between portion 30 of 
sense mass 32 formed in structural layer 24 and portion 38 of 
sense mass 32 formed in structural layer 26. That is, junctions 
72, 74 are structural features that couple, or join, portion 30 
with portion 38 to form movable sense mass 32. Junction 72 
is positioned on one side 76 of opening 56 and junction 74 is 
positioned on an opposing side 78 of opening 56. The pair of 
junctions 72, 74 couple portion 38 with portion 30 so that 
portion 38 of sense mass 32 spans across a width 80 of 
opening 56 and therefore overlies sense electrode 28. Junc 
tions 72 and 74 extendabove portion 30 of sense mass 32. As 
such, a sense gap 82 (visible in FIG. 2) is formed between 
portion 38 of sense mass 32 and the underlying sense elec 
trode 28 and portion 38 of sense mass 32. In FIG. 1, junctions 
72, 74 are depicted by dark downwardly and rightwardly 
directed narrow hatching to distinguish them from portion38, 
as well as to emphasize their coupling between portions 30 
and 38 to form sense mass 32. 

0.043 Junctions 84, 86 are also formed between fixed ele 
ment 34 formed in structural layer 24 and sense electrodes 36 
formed in structural layer 26. That is, junctions 84, 86 are 
structural features that couple, or join, fixed element 34 with 
each of sense electrodes 36. In an embodiment, junction 84 
couples fixed element 34 with one of sense electrodes 36, and 
junction 86 couples fixed element 34 with the other one of 
sense electrodes 36. Junctions 84, 86 extend above fixed 
element 34. As such, sense gaps 88 (one of which is visible in 
FIG. 3) is formed between the underlying portion 30 of sense 
mass 32 and each of sense electrodes 36. In FIG. 1, junctions 
84, 86 are depicted by dark upwardly and rightwardly 
directed narrow hatching to distinguish them from sense elec 
trodes 36, as well as to, emphasize their coupling between 
fixed element 34 and sense electrodes 36. 

0044. In the illustrated embodiment, MEMS device 20 
may be an accelerometer having capacitive sensing capabil 
ity. In general, compliant members 46 suspend sense mass 32 
over Substrate 22 in a neutral position generally parallel to 
substrate 22 until the selective application of force, due to 
Some other means, causes a deflection thereof. By way of 
example, sense mass 32 of MEMS device 20 moves when 
MEMS device 20 experiences acceleration in a Z-direction 90 
that is generally perpendicular to surface 40 of substrate 22. 
Accordingly, compliant members 46 enable sense mass 32 to 
rotate, or tilt, about an axis of rotation 92 that is offset away 
from portion 30 of sense mass 32. Since portions 30, 38 are 
coupled via junctions 72, 74, compliant members 46 enable 
concurrent movement of portions 30, 38 of sense mass 32. 
The tilting motion of sense mass 32 may be detected by sense 
electrodes 28, 38 interleaved with sense mass 32. This move 
ment can Subsequently be converted via electronics (not 
shown) into a signal having a parameter magnitude (e.g. 
Voltage, current, frequency, etc.) that is dependent on the 
acceleration. In this example, MEMS device 20 may be a 
single axis accelerometer for detection of acceleration in 
Z-direction.90. However, alternative embodiments may entail 
dual axis accelerometers or other MEMS sensing devices. 
0045 Referring to FIGS. 4-5, FIG. 4 shows a stylized side 
view of MEMS device 20 along section line 2-2 of FIG. 1 in 
which sense mass 32 has moved in response to an imposed 
force 92 in Z-direction 90. FIG. 5 shows a stylized side view 
of MEMS device 20 along section line 3-3 of FIG. 1 in which 
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sense mass 32 of MEMS device 20 has moved in response to 
imposed force 92. Accordingly, FIGS. 4 and 5 represent a 
condition in which force92 was sufficient to cause sense mass 
32 to rotate about axis of rotation 92. This rotational motion 
is represented by an arrow 94 in FIG. 5 about axis of rotation 
92, which is represented as a point in FIG.5. Gap 52 below the 
Suspended sense mass 32 provides the requisite space to allow 
for movement of sense mass 32. However, in some embodi 
ments (not shown), it may be possible to form additional 
electrodes on surface 40 of substrate 22 to provide additional 
sensing or for other purposes such as shielding or control 
electrodes. 

0046. The particular formation of elements within the two 
structural layers 24, 26 and suitable connections of the ele 
ments via junctions 72, 74, 84, and 86 yields a structural 
configuration in which sense mass 32 is interleaved with 
sense electrodes 28, 36. That is, portion 30 of sense mass 32 
is located below sense electrodes 36 and portion 38 of sense 
mass 30 is located above sense electrode 28 in Z-direction 90. 
Furthermore, sense electrodes 28, 36 are located on the same 
side of axis of rotation 92, with axis of rotation 92 being offset 
away from sense mass 32. Accordingly, when sense mass 32 
rotates about axis of rotation 92, the width of sense gaps 82. 
88 will change the same amount but in opposite directions. 
0047. In the illustrations of FIGS. 4 and 5, rotational 
motion (represented by arrow 94) of sense mass 32 resulting 
from the imposed force 92 causes sense gap 82 to get Smaller 
and sense gap 88 to get larger. Therefore, a sense capacitance 
signal 96, labeled C1, between portion 38 of sense mass 32 
and sense electrode 28 will decrease, and a sense capacitance 
signal 98, labeled C2, between portion 30 of sense mass 32 
and sense electrodes 36 will increase. Accordingly, sense 
signals 96 and 98 are of opposite polarity. Furthermore, sense 
gaps 82 and 88 change by the same magnitude due to their 
location on the same side of axis of rotation 92 thus producing 
differential sensing and Substantially reducing the electro 
static force imbalance generated from a bias Voltage applied 
and common mode motion being induced through package 
deformations. 

0048. In addition, a vertical sense system in which sense 
gaps 82 and 88 are produced on the same side of axis of 
rotation 92 can alleviate the need for a traditional teeter-totter 
type sense mass for a Z-axis accelerometer. A traditional 
teeter-totter style sense mass may be less efficient in terms of 
size than the vertical sense system described above due to the 
need for inclusion of a “heavy side' of the sense mass. 
Accordingly, the vertical sense system of MEMS device 20 
achieves savings in area relative to traditional teeter-totter 
style sense masses. Furthermore, since sense electrodes 28 
and 36 are in close proximity to one another on the same side 
of axis of rotation 92 they can compensate for package stress 
through effective cancellation of signal component due to 
common mode displacement. Accordingly, the vertical sense 
system of MEMS device 20 provides a differential, robust, 
and space efficient design for accelerometers, angular rate 
sensors, or any of various sensors that have vertical sensing 
capability. 
0049. In alternative embodiments, the vertical sense sys 
tem of MEMS device 20 may be implemented in a conven 
tional teeter-totter sensor by adding the vertical sense system 
on both sides of the axis of rotation, with one of the sides 
including a heavy end. Such a teeter-totter structural configu 
ration would have portions of sense capacitance signal 96 and 
sense capacitance signal 98 on both sides of the axis of rota 
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tion, and may be more immune to package deformations and 
common mode motions than a conventional teeter-tottersen 
sor. Additionally, or alternatively, the configuration of an 
interleaved vertical sense system does not necessarily require 
a tipping or teeter-totter type of movable element, but could 
instead enable differential sensing in a pure vertical motion 
sensor in which the proof mass moves in a more trampoline 
like motion. 
0050 Referring now to FIGS. 6-9, FIG. 6 shows atop view 
of a MEMS device 100 in accordance with another embodi 
ment. FIG. 7 shows a side view of MEMS device 100 along 
Section line 7-7 of FIG. 6. FIG. 8 shows a side view of MEMS 
device 100 along section line 8-8 of FIG. 6, and FIG.9 shows 
a partial side view of MEMS device 100 along section line 9-9 
of FIG. 6. In an embodiment, MEMS device 100 implements 
a vertical sense system in an angular rate sensor, or gyro 
Scope, configuration. 
0051 MEMS device 100 generally includes at least one 
drive mass 102 (two in the illustrated embodiment) and at 
least one vertical sensing structure 104 (two in the illustrated 
embodiment) spaced apart from an underlying Substrate 106. 
A number of elements of each vertical sensing structure 104 
are formed in each of two structural layers 107 and 109. In an 
embodiment, Vertical sensing structure 104 includes at least 
one sense electrode 108 and a portion 110 of a movable sense 
mass 112 formed instructural layer 107, and at least one sense 
electrode 114 and another portion 116 of movable sense mass 
112 formed instructural layer 109. Together, portions 110 and 
116 form movable sense mass 112. 

0052 MEMS device 100 further includes anchorelements 
120 and compliant members 122 formed in structural layer 
109. Anchorelements 120 are fixedly coupled to a surface 124 
of substrate 106 by an attachment material, referred to herein 
as an anchor 126, and compliant members 122 are intercon 
nected between each of drive masses 102 and anchor ele 
ments 120. Anchors elements 126 are depicted in FIGS. 6 and 
7 by an “X” enclosed in a box to emphasize the attachment of 
a particular element, and in this case drive masses 102 with 
the underlying substrate 106 via compliant members 122 and 
anchor elements 120. However, as shown, drive masses 102 
are spaced apart from, i.e., Suspended above, Surface 124 of 
Substrate 106. 

0053. In some embodiments, MEMS device 100 includes 
additional anchorelements 128, compliant members 129, and 
a beam in the form of a torsion flexure 130 formed in struc 
tural layer 109. Anchor elements 128 are fixedly coupled to 
surface 124 of substrate 106 by an attachment material, 
referred to herein as an anchor 132. Compliant members 129 
are connected to the two vertical sense structures 104 and to 
torsion flexure 130. Compliant members 129 enable rela 
tively large movement of sense masses 112 along X-axis 164. 
Torsion flexure 130 is spaced apart from substrate 106 and is 
interconnected between anchorelements 128. Torsion flexure 
130 allows rotation of the suspended elements about Y-axis 
162. Therefore, torsion flexure 130 enables rocking move 
ment of sense masses 112 in response to angular velocity, as 
will be discussed in greater detail below. Again, anchors 132 
are depicted in FIG. 6 by an “X” enclosed in a box to empha 
size their attachment with the underlying substrate 106. 
0054 Now with regard to the elements of each vertical 
sensing structure 104, each of sense electrodes 108 in struc 
tural layer 107 is fixedly coupled to substrate 106 by an 
attachment material, referred to herein as an anchor 134. In 
addition, a fixed element region 136 of each sense electrode 
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114 is coupled to surface 124 of substrate 106 via an attach 
ment material, referred to hereinas an anchor 138. Thus, each 
of sense electrodes 114 formed in structural layer 109 is a 
cantilevered structure overlying surface 124 of substrate 106 
that is supported only at one side. Again, anchors 134 and 138 
are depicted in FIGS. 6, 8, and 9 by an “X” enclosed in a box 
to emphasize their fixed attachment with the underlying sub 
strate 106. However, although fixed element region 136 is 
attached with the underlying substrate 106, the remainder of 
each of sense electrodes 114 is spaced apart from, i.e., Sus 
pended above substrate 106, as particularly evident in FIG. 7. 
In an embodiment, anchors 126, 132, 134, and 138 may be 
formed when a portion of a sacrificial layer 140 remains 
beneath structural layer 107 following etching of sacrificial 
layer 140 during processing (discussed below). 
0055. In contrast to the fixed attachment of sense elec 
trodes 108 with substrate 106, portions 110 of sense masses 
112 in structural layer 107 are suspended over surface 124 of 
substrate 106 so that gaps 142 (visible in FIGS. 7 and 9) are 
present between surface 124 and portions 110 of sense masses 
112. Junctions 144 are formed between portions 110 of sense 
masses 112 formed instructural layer 107 and portions 116 of 
sense masses 112 formed in structural layer 109. That is, 
junctions 144 are structural features that couple, or join, por 
tion portions 110 with portions 112 to form each of the two 
movable sense masses 112 of MEMS device 100. This struc 
tural feature is particularly visible in FIGS. 6 and 7 and is 
distinguished by rightwardly and downwardly directed nar 
row hatching. As such, sense gaps 146 (visible in FIGS. 7 and 
9) are formed between sense electrodes 114 and the underly 
ing portions 110 of sense masses 112. Additionally, sense 
gaps 148 (visible in FIGS. 8 and 9) are formed between 
portions 116 of sense mass 112 and the underlying sense 
electrodes 108. 

0056. As shown in FIG. 6, each portion 116 of each sense 
mass 112 includes an opening 150 extending through a thick 
ness of each portion 116, and one of sense electrodes 114 
resides within each opening 150. Like MEMS device 20 
(FIG. 1), each opening 150 is sized such that a gap 152 is 
formed between each portion 116 and its corresponding sense 
electrode 114. Furthermore, in some embodiments, each 
opening 150 also extends laterally from an outer edge 154 of 
each portion 116 such that each portion 116 is a generally 
U-shaped member. Although not shown for simplicity, a 
shield may largely surround each of sense electrodes 114, as 
discussed in detail above in connection with shield 66 (FIG. 
1). 
0057. In the illustrated embodiment, MEMS device 100 
may be an angular rate sensor, also known as a gyroscope, 
having capacitive sensing capability. Each of drive masses 
102 includes an opening 156 extending through a thickness of 
structural layer 109. One of portions 116 of one of sense 
masses 112 resides within each opening 156. Each portion 
116 of each sense mass 112 may be coupled to an associated 
drive mass 102 via compliant members 158 that are fairly stiff 
in an X-direction but compliant in a Z-direction to allow each 
of sense masses 112 to tilt or rotate about an axis of rotation. 
Those skilled in the art will recognize that compliant mem 
bers 158 may have great variation in size and shape from that 
which is stylistically shown in FIG. 6. 
0058. In an exemplary embodiment, MEMS device 100 is 
generally configured to sense angular rate when MEMS 
device 100 is subjected to angular velocity about the Y-axis in 
a three-dimensional coordinate system, referred to herein as 
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an input axis 162. By convention, MEMS device 100 is illus 
trated as having a generally planar structure within an X-Y 
plane 166 defined by an X-axis 164 and Y-axis 162, wherein 
a Z-axis 168 extends out of the page, normal to X-Y plane 166 
in FIG. 6 and Z-axis 168 extends upwardly and downwardly 
in FIGS. 7-9. 
0059. To operate MEMS device 100, a drive system (not 
shown) in communication with drive masses 102 enables 
linear mechanical oscillation of drive masses 102 within X-Y 
plane 166. Accordingly, drive masses 102 will linearly oscil 
late along, i.e. Substantially parallel to X-axis 164. Sense 
masses 112 also linearly oscillate along X-axis 164 due to the 
high stiffness of compliant members 158 to this motion. The 
oscillatory drive motion may be kept constant to maintain 
constant sensitivity of MEMS device 100. Additionally or 
alternatively, the frequency of oscillation can be locked to the 
mechanical resonance of drive masses 102 to minimize drive 
power. 
0060 Once sense masses 112 are put into linear oscilla 
tory motion along X-axis 164, they are capable of detecting 
an angular rate, i.e., angular velocity, induced by MEMS 
device 100 being rotated about input axis 162, i.e., the Y-axis. 
As MEMS device 100 experiences an angular velocity about 
input axis 162, sense masses 112 rock, tilt, rotate, or other 
wise oscillate together about Y-axis 162 via torsion flexure 
130, as represented by a bi-directional arrow 169. In this 
example, the out-of-plane sense motion of sense masses 112 
is in the direction substantially parallel to Z-axis 168. Since 
portions 110 and 116 of sense mass 112 are coupled via 
junctions 144, torsion flexure 130 enables concurrent move 
ment of portions 110 and 116 of sense mass 112. This move 
ment can Subsequently be converted via electronics (not 
shown) into a signal having a parameter magnitude (e.g., 
Voltage, current, frequency, etc.) that is dependent upon the 
angular rotation rate of MEMS device 100 about input axis 
164, i.e., the Y-axis. 
0061. The suitable formation of elements within the two 
structural layers 107 and 109 and suitable connection of por 
tions 110 and 116 of sense masses 112 via junctions 144 
yields a structural configuration in which sense mass 112 is 
interleaved with sense electrodes 108 and 114. That is, por 
tions 110 of sense masses 112 are located below sense elec 
trodes 114, and portions 116 of sense masses 112 are located 
above sense electrodes 108. 
0062 Accordingly, in FIG. 7, a sense capacitance signal 
170, labeled C1, between portion 110 of sense mass 112 and 
sense electrode 114 will change by the same magnitude as a 
sense capacitance signal 172, labeled C2, between portion 
112 of sense mass 112 and sense electrode 114. Likewise, in 
FIG. 8, sense capacitance signal 170, labeled C1, between 
portion 116 of sense mass 112 and sense electrode 108 will 
change by the same magnitude as sense capacitance signal 
172, labeled C2, between portion 116 of sense mass 112 and 
sense electrode 108 due to their location on the same side of 
the axis of rotation, i.e., X-axis 164. However, sense signals 
170 and 172 are of opposite polarity. Furthermore, sense gaps 
146 and 148 change by the same magnitude due to their 
location on the same side of axis of rotation 162 thus produc 
ing differential sensing and cancellation of electrostatic 
forces from, for example, common mode displacement. 
0063 FIG. 10 shows a flowchart of a microelectrome 
chanical systems (MEMS) device fabrication process 200 in 
accordance with another embodiment. MEMS device fabri 
cation process 200 provides generalized methodology for 
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MEMS device 20 (FIG. 1) and/or MEMS device 100 (FIG. 6) 
using two structural layers to form a sense mass interleaved 
with the sense electrodes so as to produce a vertical differen 
tial sense capability. MEMS device fabrication process 200 
will be discussed in connection with the fabrication of MEMS 
device 20, and reference will be made to FIGS. 11-19 which 
show a portion of an exemplary structure at various stages of 
fabrication in accordance with process 200. Thereafter, 
MEMS device fabrication process 200 will be discussed in 
connection with the fabrication of MEMS device 100, and 
reference will be made to FIGS. 20-26 which show a portion 
of another exemplary structure at various stages of fabrication 
in accordance with process 200. It should become apparent 
that the following methodology can be adapted to fabricate 
other MEMS device designs with vertical differential sense 
capability fabricated within two structural layers. 
0064. Fabrication process 200 is described below in con 
nection with the fabrication of a single MEMS device 20 or 
100 for simplicity of illustration. However, it should be under 
stood by those skilled in the art that the following process 
allows for concurrent manufacturing of a plurality of MEMS 
devices. For example, multiple MEMS devices may undergo 
concurrent semiconductor thin-film manufacturing on a Sub 
strate. The individual MEMS devices can then be cut, or 
diced, in a conventional manner to provide individual MEMS 
devices that can be packaged and coupled onto a printed 
circuit board in an end application. 
0065 MEMS device fabrication process 200 begins with 
an activity 202. At activity 202, substrate 22 is provided with 
sacrificial layer 50 deposited thereon. 
0.066 Referring to FIG.11 in connection with activity 202, 
FIG. 11 shows a side view of an exemplary structure 204 in a 
beginning stage 205 of processing in accordance with activity 
202. At beginning stage 205, substrate 22 is provided. In an 
embodiment, process 200 may implement silicon on insulator 
(SOI) technology which uses a layered silicon-insulator-sili 
con wafer 206 in lieu of a conventional silicon substrate. 
Accordingly, Substrate 22 may be the bottommost silicon 
layer within wafer 206, sacrificial layer 50 may be the inter 
vening insulator layer of wafer 206, and structural layer 24 
may be the topmost silicon layer within wafer 206. Sacrificial 
layer 50 is represented by a dark stippled pattern in FIG. 11, 
and each of substrate 22 and structural layer 24 are repre 
sented by a light stippled pattern in FIG. 11. Those skilled in 
the art will recognize that in alternative embodiments, a con 
ventional silicon substrate may be utilized for substrate 22, 
upon which sacrificial layer 50 may be deposited, followed by 
formation of structural layer 24 overlying sacrificial layer 50. 
0067. With reference back to MEMS device fabrication 
process 200 (FIG. 10), following activity 202, an activity 208 
is performed. At activity 208, structural layer 24 (FIG. 2) is 
suitably formed over sacrificial layer 50 (FIG. 2) to produce at 
least sense electrode 28, portion 30 of sense mass 32, fixed 
element 34, anchor element 44, compliant members 46, and 
shield 66 (see FIG. 1) in structural layer 24. 
0068 FIG. 12 shows a partial side view of exemplary 
structure 204 from FIG. 10 at a subsequent stage 210 of 
processing. At stage 210, structural layer 24 is patterned and 
etched to produce trenches 212, or spaces, between regions of 
structural layer 24 that will eventually become sense elec 
trode 28, portion 30 of sense mass 32, fixed element 34, 
anchorelement 44, compliant members 46, and shield 66 (see 
FIG. 1). Patterning and etching process techniques, such as 
deep reactive ion etching (DRIE), yield trenches 212 that 
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physically separate elements 28, 30, and 34, and 44 (FIG. 1) 
from one another. In this illustration, elements 28, 30, and 34, 
and 44 that may be produced in structural layer 24 are not 
distinguished from one another within exemplary structure 
204. Rather, the light stippled patterned is used for structural 
layer 24 to distinguish it from the underlying sacrificial layer 
SO. 

0069. With reference back to MEMS device fabrication 
process 200 (FIG. 10), following activity 208, an activity 214 
is performed. At activity 214, a sacrificial layer is deposited 
over structural layer 24. 
0070 Referring to FIG. 13 in connection with activity 214, 
FIG. 12 shows a partial side view of exemplary structure 204 
from FIG.12ata Subsequent stage 216 of processing. At stage 
216, a sacrificial material 218 is deposited over structural 
layer 24 to fill trenches 212. Sacrificial material 218 is depos 
ited such that a thickness 220 of material 218 extends above 
a surface 222 of structural layer 24. Sacrificial material 218 
may be, for example, phosphosilicate glass (PSG). PSG is an 
electrically insulating material that is commonly used as a 
deposition layer in semiconductor processing. Those skilled 
in the art will recognize that other electrically insulating 
materials may alternatively be implemented. 
0071 Continuing with FIG. 14 in connection with activity 
214 (FIG. 10), FIG. 14 shows a partial side view of exemplary 
structure 204 from FIG. 13 at a subsequent stage 224 of 
processing. In some embodiments, sacrificial material 218 
may be suitably patterned and etched. As shown in FIG. 13, a 
region 226 of sacrificial material 218 has been etched to 
reveal surface 222 of structural layer 24. It will become appar 
ent in Subsequent operations that region 226 may be a location 
where an overlying element (e.g., sense electrode 36 of FIG. 
1) may be formed at which tight tolerances are required for 
the size of the gap (e.g., sense gap 88 of FIG. 2) between it and 
an underlying element (e.g., portion 30 of sense mass 32 
shown in FIG. 1). 
0072 Continuing with FIG. 15 in connection with activity 
214 (FIG. 10), FIG. 15 shows a partial side view of exemplary 
structure 204 from FIG. 14 at a subsequent stage 228 of 
processing. At stage 228, another deposition process may be 
performed to deposit additional sacrificial material 230, such 
as PSG, onto surface 222 of structural layer 24 at region 226 
and optionally onto sacrificial material 218. Sacrificial mate 
rial 230 is deposited at a thickness suitable for achieving a 
predetermined size of the gap. Accordingly, at stage 228, a 
sacrificial layer 232 which may include the successive depo 
sitions of sacrificial material 218 and sacrificial material 230 
is formed in accordance with activity 214 of MEMS device 
fabrication process 200 (FIG. 10). 
0073 Continuing with FIG.16 in connection with activity 
214 (FIG. 10), FIG.16 shows a partial side view of exemplary 
structure 204 from FIG. 15 at a subsequent stage 234 of 
processing. At stage 234, sacrificial layer 232 may then be 
patterned and etched to create a number of openings 236 to 
expose regions 238 of the underlying elements. For example, 
openings 236 may beformed to expose regions 238 of portion 
30 of sense mass 32 (FIG. 1) at which junctions 72, 74 (FIG. 
1) are to beformed. Likewise, openings 236 may beformed to 
expose regions 238 of fixed element 34 (FIG. 1) at which 
junctions 84, 86 are to be formed. 
0074. With reference back to MEMS device fabrication 
process 200 (FIG. 10), following activity 214, an activity 240 
is performed. At activity 240, structural layer 26 (FIG. 2) is 
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formed over sacrificial layer 232 (FIG. 15) to produce at least 
sense elements 36, portion 38 of sense mass 32, and junctions 
72, 74, 84, 86 (see FIG. 1). 
(0075 Referring to FIG.17 in connection with activity 240, 
FIG. 17 shows a partial side view of exemplary structure 204 
from FIG.16 at a Subsequent stage 242 of processing. At stage 
242, anotherlayer of material Such as polysilicon is deposited 
on sacrificial layer 232 to form structural layer 26. The depo 
sition of structural layer 26 fills openings 236 in sacrificial 
layer 232 to create junctions 72, 74, 84, 86 (FIGS. 1-3). FIG. 
17 further shows that at stage 242, structural layer 26 may be 
Suitably patterned and etched to produce the separate ele 
ments in structural layer 26, Such as sense elements 36 and 
portion 38 of sense mass 32. Interconnects (not shown) can be 
included as necessary. Patterning and etching process tech 
niques of activity 240 yield spaces 244 that physically sepa 
rate sense elements and portion 38 from one another. In this 
illustration, elements 36 and 38, and junctions 72, 74, 84, 86 
are not distinguished from one another. Rather, a single right 
wardly and downwardly directed wide hatch pattern is uti 
lized to represent the elements of structural layer 26. 
0076. With reference back to MEMS device fabrication 
process 200 (FIG. 10), following activity 240, an activity 246 
is performed. At activity 246, the elements instructural layers 
24 and 26 are suspended over substrate 22 by removing at 
least portions of sacrificial layers 50 and 232 by employing, 
for example, one or more etching processes. 
(0077 Referring to FIG. 18 in connection with activity 246, 
FIG. 18 shows a partial side view of exemplary structure 204 
from FIG.17 at a Subsequent stage 248 of processing. At stage 
248, sacrificial layer 232 (FIG. 17), which may be PSG, is 
etched using known processes to remove sacrificial material 
218, 232 underlying elements (e.g., sense electrodes 36 and 
portion 38 of sense mass 32, FIGS. 1-3) of structural layer 26 
and to remove sacrificial material 218 (FIG. 17) from 
trenches 212. Although not shown, shield 66 may be suitably 
formed in trenches 212 using a dielectric. Alternatively, 
shield 66 may be formed from sacrificial material 218 (e.g., 
PSG) using known processes. In an example, Some of sacri 
ficial material 218 used to form shield 66 may be suitably 
masked so that it remains following etching at activity 246. 
0078. Accordingly, following removal of sacrificial mate 
rial 218, 232 and sense electrodes 36 and portion 38 of sense 
mass 32 are spaced apart from the underlying elements of 
structural layer 24, with only junctions 72, 74, 84, and 86 
remaining to form the structural connections, as discussed 
above in connection with FIGS. 1-3 between structural layers 
24 and 26. Therefore, junctions 72, 74, 84, and 86, may be 
referred to as “released junctions” because they are released 
from the surrounding sacrificial material 218, 230. 
(0079 Continuing with FIG. 19 in connection with activity 
246, FIG. 19 shows a partial side view of exemplary structure 
204 from FIG. 18 at a subsequent stage 250 of processing. 
When substrate 22, sacrificial layer 50, and structural layer 24 
are formed as SOI wafer 206 (FIG. 10), one or more etch 
processes may be performed to remove at least a portion of the 
oxide material that makes up sacrificial layer 50. Thermal 
oxide removal of sacrificial layer 50 may be performed using 
known processes so as to release connection of the elements 
in structural layer 24 from the underlying substrate 22. 
Accordingly, following thermal oxide removal, sense elec 
trode 28, portion 30 of sense mass 32, fixed element 34, 
anchor element 44, and compliant members 46 (FIGS. 1-3) 
are separated from one another and spaced apart from Surface 
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40 of substrate 22. However, in an embodiment, sacrificial 
layer 50 remains at anchors 42, 43, 48, and 70 (FIGS. 1-3) so 
that sense mass 32, anchor regions 44, fixed element 34, and 
shield are attached to, but suspended above, substrate 22. 
0080. The selective removal of sacrificial layers 232 and 
50 can be achieved by making certain regions of structural 
layers 24 and 26 porous to an etch material, or etchant. This 
porosity may be accomplished by fabricating first and second 
structural layers 24 and 26 with through-holes (not shown for 
simplicity of illustration) at suitable locations. The through 
holes can provide passage through which an etchant can pass 
to reach the underlying sacrificial layers 232 (FIG. 17) and 50. 
Of course, through-holes need not be fabricated through at 
least structural layer 24 at the regions at which anchors 42, 43. 
48, and 70 are formed so that sacrificial layer 50 that underlies 
those regions will remain following a suitably timed etching 
process. This porosity may alternatively be accomplished by 
the properties of the material used to fabricate structural 
layers 24 and 26. For example, the properties of the material 
used to fabricate structural layers 24 and 26 may be such that 
the etchant can permeate through the material of structural 
layers 24 and 26 to reach the underlying sacrificial layers 232 
and 50 without damage to structural layers 24 and 26. 
0081. With reference back to MEMS device fabrication 
process 200 (FIG. 9), following activity 246, MEMS device 
fabrication process 200 may include other activities that are 
not discussed herein for brevity. These additional fabrication 
activities, represented by ellipses, may include hermetically 
sealing MEMS device 20 (FIG. 1), forming electrical inter 
connects, testing, and so forth. Following fabrication of 
MEMS device 20, fabrication process 200 ends with portion 
38 connected to portion 30 of sense mass 32 viajunctions 72, 
74, and sense electrodes 36 connected to fixed element 34 via 
junctions 84 and 86 so that the two portions 30, 38 of sense 
mass 32 are in an interleaved arrangement with sense elec 
trodes 28, 36 (FIGS. 1-3). Additionally, sense mass 32, fixed 
element 34, and shield 66 are connected to and held sus 
pended above the underlying substrate 22 via respective 
anchors 48, 43, and 70. 
I0082 Referring to FIG. 10, MEMS device fabrication pro 
cess 100 will now be discussed in connection with the fabri 
cation of MEMS device 100 (FIG. 6). At activity 202 of 
process 100, substrate 106 is provided with sacrificial layer 
140 deposited thereon. 
0083. With reference to FIG. 20 in connection with activ 

ity 202, FIG. 20 shows a partial side view of another exem 
plary structure 252 at a beginning stage 254 of processing 
fabricated in accordance with MEMS device fabrication pro 
cess 200. At beginning stage 254, a Substrate 256, as a starting 
wafer, is provided. Substrate 256 may undergo an oxidation 
process to build, or grow, an oxide layer. This oxide layer is a 
sacrificial layer 258. Sacrificial layer 258 is represented by a 
dark stippled pattern and substrate 106 is represented by a 
light stippled pattern in FIG. 20. As will become evident in the 
subsequent description, substrate 256 will eventually become 
structural layer 109 (FIGS. 7-9) of MEMS device 100. 
0084 Continuing with FIG. 21 in connection with activity 
202, FIG. 21 shows a partial side view of exemplary structure 
252 from FIG. 20 at a subsequent stage 260 of processing. In 
some embodiments, sacrificial layer 258 may be suitably 
patterned and etched. As shown in FIG. 21, openings 262, or 
vias, have been formed extending through sacrificial layer 
258 to reveal a surface 264 of the underlying substrate 256. 
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Thus, following activity 202, substrate 256 is provided with 
sacrificial layer 258 that may be patterned and etched to form 
openings 262. 
0085. With reference back to MEMS device fabrication 
process 200 (FIG. 10), following activity 202, activity 208 is 
performed to form a structural layer over the sacrificial layer 
to produce at least portions 110 of sense masses 112 and sense 
electrodes 108 (FIGS. 7-9). 
I0086 FIG. 22 shows a partial side view of exemplary 
structure 252 from FIG. 21 at a subsequent stage 266 of 
processing. As shown in FIG. 22, structural layer 107 in the 
form of for example, polysilicon, is deposited over sacrificial 
layer 258. Deposition of the polysilicon structural layer 107 
fills openings 262. Structural layer 107 may be suitably pat 
terned and etched. As shown, openings 268 have been formed 
extending through structural layer 107 to reveal a surface 270 
of the underlying sacrificial layer 258. Thus, following activ 
ity 208, structural layer 107 is deposited and processed to 
include openings 268 that physically separate elements 108 
and 110 (FIGS. 6-9) from one another. In this illustration, 
elements 108 and 110 that may be produced instructural layer 
107 are not distinguished from one another within exemplary 
structure 252. Rather, the rightwardly and downwardly 
directed wide hatching is used for structural layer 107 to 
distinguish it from the underlying sacrificial layer 140. 
I0087. Referring briefly to MEMS device fabrication pro 
cess 200 (FIG. 10), following activity 208, activity 214 is 
performed to deposit a sacrificial layer over structural layer 
107. 

I0088 FIG. 23 shows a partial side view of exemplary 
structure 252 from FIG. 22 at a subsequent stage 272 of 
processing. At stage 272, a sacrificial material. Such as an 
oxide, is deposited over structural layer 107. As will become 
evident in the Subsequent description, this sacrificial material 
will eventually be sacrificial layer 140 (FIGS. 7-9) of MEMS 
device 100. Sacrificial material 140 may be of sufficient 
thickness to fill openings 264. 
I0089 Again, referring briefly to MEMS device fabrication 
process 200 (FIG. 10), following activity 214, activity 240 is 
performed to form another structural layer. 
0090 FIG. 24 shows a partial side view of exemplary 
structure 252 from FIG. 23 at a subsequent stage 274 of 
processing. At stage 274, the structure formed at stage 272 
(FIG. 23 is flipped and bonded to a substrate. In this exem 
plary embodiment, the substrate is substrate 106 of MEMS 
device 100 (FIG. 6). 
0091 Continuing with FIG.25 in connection with activity 
240, FIG. 25 shows a partial side view of exemplary structure 
252 from FIG. 24 at a subsequent stage 276 of processing. At 
stage 276, structural layer 109 is processed by, for example, 
grinding, patterning, and etching to form at least portions 116 
of sense masses 112, sense elements 114, anchor elements 
120, and so forth (FIGS. 6-9). Patterning and etching process 
techniques, such as deep reactive ion etching (DRIE), yield 
trenches 278 that physically separate elements 116, 114, and 
120 from one another. In this illustration, elements 116, 114, 
and 120 that may be produced in structural layer 109 are not 
distinguished from one another within exemplary structure 
252. Rather, the light stippled patterned is used for structural 
layer 109 to distinguish it from the underlying sacrificial layer 
258. Thus, following activity 240 (FIG. 10), elements 116, 
114, and 120 have been formed and are physically separated 
from one another. 
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0092 Referring briefly to MEMS device fabrication pro 
cess 200 (FIG. 10), following activity 240, activity 246 is 
performed to suspend the various elements of MEMS device 
100 (FIG. 6) formed in structural layers 107 and 109 by 
removing at least portions of sacrificial layers 258 and 140. 
0093 FIG. 26 shows a partial side view of exemplary 
structure 252 from FIG. 25 at a subsequent stage 280 of 
processing. At stage 280, sacrificial layers 258 and 140 are 
etched using one or more known processes to remove sacri 
ficial material 140, 258 underlying certain elements (e.g., 
sense electrodes 108 and 114, portions 110 and 116 of sense 
masses 112, and so forth). Accordingly, following removal of 
sacrificial material 140, 258, sense electrodes 114 and por 
tions 116 of sense masses 112 are spaced apart from the 
underlying elements of structural layer 107. Additionally, 
portions 110 of sense masses 112 are spaced apart from the 
underlying substrate 106. However, junctions 144 remain to 
form the structural connections betweenportions 110 and 116 
of sense masses 112, as discussed above in connection with 
FIGS. 6-9. Therefore, junctions 144 may be referred to as 
“released junctions' because they are released from the sur 
rounding sacrificial material 140,258. 
0094. Although particular system configurations are 
described in conjunction with FIGS. 11-26, above, embodi 
ments may be implemented in Systems having otherarchitec 
tures, as well. Furthermore, it is to be understood that certain 
ones of the process blocks depicted in FIG. 10 may be per 
formed in parallel with each other or with performing other 
processes. In addition, it is to be understood that the particular 
ordering of the process blocks depicted in FIG. 10 may be 
modified, while achieving Substantially the same result. 
Accordingly, such modifications and other variations are 
intended to be included within the scope of the inventive 
Subject matter. 
0095 Thus, various embodiments of a MEMS device hav 
ing vertical sensing capability and methods of fabrication 
have been described. The MEMS devices include two struc 
tural layers, and junctions connecting elements of the two 
structural layers. The two structural layers are Subsequently 
mechanically released, or detached, from the underlying Sub 
strate. Accordingly, a movable sense mass (a portion of which 
is formed in each of the two structural layers) is interleaved 
both below one fixed electrode and above a separate fixed 
electrode. This enables differential sensing such that any 
signal component resulting from the common mode displace 
ment will effectively cancel. Methodology entails fabricating 
the MEMS device using two structural layers, in which por 
tions of the two structural layers are not in direct contact with 
the underlying Substrate, and in which each structural layer 
has sense capability of an opposing polarity so as to provide 
a differential configuration. 
0096. An embodiment of a MEMS device comprises a 
Substrate, and a first element and a second element formed in 
a first structural layer. The first element is fixedly coupled 
with the substrate, and the second element is suspended over 
the substrate. The MEMS device further comprises a third 
element and a fourth element formed in a second structural 
layer. The third element is spaced apart from the second 
element in a direction perpendicular to a surface of the Sub 
strate, and the fourth element is spaced apart from the first 
element in the direction. A junction is formed between the 
second element and the fourth element, the junction coupling 
the fourth element with the second element. 
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0097. An embodiment of a method for fabricating a 
MEMS device is also disclosed. The method comprises form 
ing a first structural layer on a first sacrificial layer overlying 
a Substrate to produce first and second elements separated 
from one another, depositing a second sacrificial layer over 
the first structural layer, and forming a second structural layer 
over the second sacrificial layer to produce third and fourth 
elements separated from one another. The method further 
comprises forming at least one junction between the second 
element and the fourth element and Suspending the second, 
third, and fourth elements over the substrate by removing at 
least portions of the first and second sacrificial layers, 
wherein the third element is spaced apart from the second 
element in a direction perpendicular to a surface of the Sub 
strate, the fourth element is spaced apart from the first ele 
ment in the direction, and the fourth element is coupled with 
the second element via the at least one junction. 
(0098. While the principles of the inventive subject matter 
have been described above in connection with specific sys 
tems, apparatus, and methods, it is to be clearly understood 
that this description is made only by way of example and not 
as a limitation on the scope of the inventive Subject matter. 
The various functions or processing blocks discussed herein 
and illustrated in the Figures may be implemented in hard 
ware, firmware, software or any combination thereof. Fur 
ther, the phraseology or terminology employed herein is for 
the purpose of description and not of limitation. 
0099. The foregoing description of specific embodiments 
reveals the general nature of the inventive subject matter 
Sufficiently so that others can, by applying current knowl 
edge, readily modify and/or adapt it for various applications 
without departing from the general concept. Therefore, Such 
adaptations and modifications are within the meaning and 
range of equivalents of the disclosed embodiments. The 
inventive Subject matter embraces all Such alternatives, modi 
fications, equivalents, and variations as fall within the spirit 
and broad scope of the appended claims. 
What is claimed is: 

1. A microelectromechanical systems (MEMS) device 
comprising: 

a Substrate; 
a first element and a second element formed in a first 

structural layer, said first element being fixedly coupled 
with said Substrate, and said second element being Sus 
pended over said Substrate; 

a third element and a fourth element formed in a second 
structural layer, said third element being spaced apart 
from said second element in a direction perpendicular to 
a Surface of said Substrate, and said fourth element being 
spaced apart from said first element in said direction; 
and 

a junction formed between said second element and said 
fourth element, said junction coupling said fourth ele 
ment with said second element. 

2. A MEMS device as claimed in claim 1 further compris 
ing: 

an anchor attached to said Substrate; and 
a compliant member interconnected between said second 

element and said anchor to allow concurrent movement 
of said second and fourth elements relative to said sub 
Strate. 
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3. A MEMS device as claimed in claim 2 wherein said 
compliant member is connected at an outer edge of said 
second element such that said second element is a cantile 
vered structure. 

4. A MEMS device as claimed in claim 2 wherein said 
compliant member enables rotational movement of said sec 
ond and fourthelements about an axis of rotation that is offset 
away from said second element. 

5. A MEMS device as claimed in claim 1 wherein said 
second element includes an opening extending through a 
thickness of said second element, and said first element 
resides in said opening. 

6. A MEMS device as claimed in claim 5 wherein said 
opening extends laterally from an outer edge of said second 
element such that said second element is a U-shaped member. 

7. A MEMS device as claimed in claim 5 wherein said 
junction comprises: 

a first junction element positioned at a first side of said 
opening; and 

a second junction element positioned at a second side of 
said opening, said first and second junction elements 
coupling said fourth element with said second element 
So that said fourth element spans across a width of said 
opening. 

8. A MEMS device as claimed in claim 1 further compris 
ing a shield interposed between said first element and said 
second element, said shield being configured to electrically 
isolate said first element from said second element. 

9. A MEMS device as claimed in claim 8 further compris 
ing a shield anchor attached to said Substrate and coupled to 
said shield so that said shield is suspended over said substrate. 

10. A MEMS device as claimed in claim 1 wherein said 
junction is a first junction, and said MEMS device further 
comprises: 

a fifth element formed in said first structural layer and 
fixedly coupled with said substrate; and 

a second junction formed between said third element and 
said fifth element, said second junction coupling said 
third element with said fifth element. 

11. A MEMS device as claimed in claim 10 wherein: 
said fifth element is displaced away from said first and 

second elements in a lateral direction that is approxi 
mately parallel to a surface of said Substrate; and 

said MEMS device further comprises a shield interposed 
between said fifth element and said first and second 
elements, said shield being configured to electrically 
isolate said fifth element from said first and second ele 
mentS. 

12. A MEMS device as claimed in claim 1 wherein: 
said second and fourth elements form a movable sense 

maSS, 
said first element is a first fixed sense electrode, wherein a 

first sense signal is produced between said first fixed 
sense electrode and said fourth element in response to 
movement of said sense mass; and 

said third element is a second fixed sense electrode, 
wherein a second sense signal is produced between said 
second fixed sense electrode and said second element in 
response to said movement of said sense mass, said 
second sense signal being opposite in polarity from said 
first sense signal. 

13. A method for fabricating a microelectromechanical 
systems (MEMS) device comprising: 
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forming a first structural layer on a first sacrificial layer 
overlying a substrate to produce first and second ele 
ments separated from one another; 

depositing a second sacrificial layer over said first struc 
tural layer; 

forming a second structural layer over said second sacrifi 
cial layer to produce third and fourth elements separated 
from one another, 

forming at least one junction between said second element 
and said fourth element; and 

Suspending said second, third, and fourth elements over 
said Substrate by removing at least portions of said first 
and second sacrificial layers, wherein said third element 
is spaced apart from said second element in a direction 
perpendicular to a Surface of said Substrate, said fourth 
element is spaced apart from said first element in said 
direction, and said fourth element is coupled with said 
second element via said at least one junction. 

14. A method as claimed in claim 13 wherein: 
said forming said first structural layer produces said first 

and second elements separated from one another by a 
trench; 

said depositing said second sacrificial layer at least par 
tially fills said trench; 

said method further comprises creating an aperture through 
said second sacrificial layer to expose a portion of said 
second element; and 

said forming said second structural layer comprises filling 
said aperture with said second structural layer to form 
said at least one junction between said second element 
and said fourth element. 

15. A method as claimed in claim 13 wherein: 
said substrate is a first substrate: 
said method further comprises creating an aperture through 

said first sacrificial layer to expose a portion of said first 
Substrate; 

said forming said first structural layer comprises filling 
said aperture with said first structural layer to form said 
at least one junction; 

said depositing said second sacrificial layer occurs follow 
ing said filling operation; and 

said forming said second structural layer comprises cou 
pling said first Substrate to a second Substrate with said 
first sacrificial layer, said junction, and said sacrificial 
layer being interposed between said first and second 
Substrates, and forming said third and fourth elements in 
said first substrate. 

16. A method as claimed in claim 13 further comprising: 
forming an anchor on a Substrate; and 
forming a compliant member between said anchor and said 

second element, wherein said compliant member allows 
concurrent movement of said second and fourth ele 
mentS. 

17. A method as claimed in claim 16 wherein said compli 
ant member is connected at an outer edge of said second 
element Such that said second element is a cantilevered struc 
ture. 

18. A microelectromechanical systems (MEMS) device 
comprising: 

a Substrate; 
a first element and a second element formed in a first 

structural layer, said first element being fixedly coupled 
with said Substrate, and said second element being Sus 
pended over said Substrate; 
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a third element and a fourth element formed in a second 
structural layer, said third element being spaced apart 
from said second element in a direction perpendicular to 
a surface of said Substrate, and said fourth element being 
spaced apart said first element in said direction; 

a first junction formed between said second element and 
said fourth element, said first junction coupling said 
fourth element with said second element. 

an anchor attached to said Substrate; 
a compliant member interconnected between said second 

element and said anchor to allow concurrent movement 
of said second and fourth elements relative to said sub 
Strate. 

a fifth element formed in said first structural layer and 
fixedly coupled with said substrate; and 

a second junction formed between said third element and 
said fifth element, said second junction coupling said 
third element with said fifth element. 

19. A MEMS device as claimed in claim 18 wherein said 
compliant member is connected at an outer edge of said 
second element such that said second element is a cantile 
Vered structure, and said compliant member enables rota 
tional movement of said second and fourth elements about an 
axis of rotation that is offset away from said second element. 

20. A MEMS device as claimed in claim 18 further com 
prising a shield interposed between said first and second 
elements, said shield being configured to electrically isolate 
said first element from said second element. 


